I
ron-sulfur clusters ([Fe-S] clusters) represent one of nature's simplest, functionally versatile, and perhaps most ancient prosthetic groups (1) . Among the familiar types of [Fe-S] clusters are [2Fe-2S] and [4Fe-4S] clusters, which usually are attached to their protein partners by four cysteine thiol ligands (Fig. 1) . Proteins that contain one or more [Fe-S] clusters are commonly called [Fe-S] proteins, and they represent a large class of structurally and functionally diverse proteins that participate in many metabolic processes. For example, [Fe-S] proteins are essential players in the life-sustaining processes of respiration, nitrogen fixation, and photosynthesis with [Fe-S] clusters participating as agents of electron transfer, substrate activation, catalysis, and environmental sensing. Given the structural simplicity of [Fe-S] clusters and the participation of [Fe-S] proteins in so many metabolic processes it may be surprising that the pathway for biological formation of [Fe-S] clusters is only now beginning to emerge. Pioneering work in the laboratory of Berg and Holm (2) alanine and an IscS-bound persulfide (4, 6) . Current evidence indicates that this persulfide is directly donated to IscU (7, 8) , which, in turn, provides a scaffold for [Fe-S] cluster assembly (9) . Such a direct transfer pathway prevents the release of toxic S 2Ϫ during the [Fe-S] cluster assembly process and the same mechanism also might apply to the mobilization of S for biosynthesis of certain other S-containing biomolecules. Another unexpected and poorly understood aspect of [Fe-S] cluster assembly is the participation of molecular chaperones (4, 22) . The products of the hscA and hscB genes contained within the [Fe-S] cluster assembly transcription unit are members of the molecular chaperone family, exhibiting sequence identity when compared with their corresponding homologs, DnaK and DnaJ. Vickery and colleagues (22) have shown that IscU, the [Fe-S] cluster assembly scaffold protein, interacts with HscBA, causing a remarkable 480-fold stimulation in the intrinsic ATPase activity of the complex. Whether or not the involvement of molecular chaperones is related directly to [Fe-S] cluster assembly, maintaining the integrity of the assembly scaffold, or delivery of [Fe-S] clusters to their cognate proteins remains to be determined. The system described by Schwartz et al. (5) might prove valuable toward addressing these issues. For example, the activation of IscR could be used to assess in vitro transfer of [Fe-S] clusters from the assembly machinery to the immature form of IscR. The system also holds promise for the development of in vitro DNA-directed formation of IscR as a way to test whether molecular chaperones or other components are involved in the maturation of [Fe-S] proteins posttranslationally or cotranslationally. Finally, because active IscR can be abundantly produced in E. coli by using recombinant DNA methods, and the active form contains an [Fe-S] cluster, it should be possible to examine the role of each [Fe-S] cluster assembly protein in vivo by using whole-cell Mossbauer and electron paramagnetic resonance spectroscopies to monitor the assembly, and perhaps, disassembly of the [2Fe-2S] cluster contained in IscR.
There appears to be an extraordinary conservation in higher organisms with respect to the basic features and primary sequences of bacterial proteins that directly participate in [Fe-S] cluster biosynthesis. In the case of [Fe-S] cluster biosynthesis in Saccharomyces cerevisiae the emerging story is a fascinating one (23) (24) (25) (26) (27) (28) . For this organism there is strong evidence that proteins involved in [Fe-S] cluster biosynthesis are imported from the cytosol into the mitochondrion where [Fe-S] cluster assembly initially occurs. Some of the assembled clusters are used for the maturation of mitochondrial [Fe-S] proteins with the balance being exported for the maturation of cytosolic [Fe-S] proteins. This system appears to represent the major pathway for [Fe-S] cluster formation and distribution in all higher organisms, although there is evidence for some partitioning of the IscS homolog to the cytosol and nucleus (29, 30) . Lill and Kispal (31) have advanced the hypothesis that sequestration of [Fe-S] cluster assembly machinery within the mitochondrion occurs so that [Fe-S] formation proceeds in the favorable reducing environment provided by this organelle. This suggestion is also relevant to questions concerning the origin of the mitochondrion and why this organelle is essential (31) . Eukaryotic proteins associated with mitochondrial [Fe-S] cluster export are not generally conserved in bacteria. Similarly, the IscR protein is not conserved in eukaryotic organisms. Nevertheless there is a clear connection between eukaryotic iron homeostasis and [Fe-S] cluster assembly because inactivation of the S. cerevisiae [Fe-S] cluster assembly and trafficking proteins results in the accumulation of Fe deposits within the mitochondrion (23) (24) (25) (26) (27) (28) . This phenotype has a striking parallel to a variety of human iron storage diseases, highlighting the current interest within the scientific community concerning the mechanism and control of [Fe-S] cluster assembly. 
